Historic,  archived  document 

Do  not  assume  content  reflects  current 
scientific  knowledge,  policies,  or  practices. 


.A  IS  u  44 


Germ  Plasm  Evaluation  Program 

Progress  Report  No.  2 
U.S.  Meat  Animal  Research  Center 

In  cooperation  with 
Kansas  State  University 
and  the  University  of  Nebraska 


ARS-NC-22 
April  1975 


CO 

rn 


TO 


AGRICULTURAL  RESEARCH  SERVICE  •  U.S.  DEPARTMENT  OF  AGRICULTURE 


Applicants  for  all  Department  programs  will  be  given  equal  consid- 
eration without  regard  to  race,  color,  sex,  age,  creed  or  national  origin. 


U.S.  MEAT  ANIMAL  RESEARCH  CENTER 


GERM  PLASM  EVALUATION  PROGRAM1 
PROGRESS  REPORT  NO.  2 


The  cattle  Germ  Plasm  Evaluation  Program  at  the  U.S.  Meat  Animal 
Research  Center  is  designed  to  characterize  different  biological  types, 
as  represented  by  different  breeds,  for  the  full  spectrum  of  economic 
traits  relating  to  growth,  feed  efficiency,  reproduction,  maternal 
ability  and  carcass  and  meat  traits.    The  basic  objective  of  this  program 
is  to  develop  an  understanding  relating  to  optimizing  such  biological 
factors  as  cow  size,  milk  level,  etc.,  in  different  feed  environments  and 
production  situations. 

The  program  was  started  with  the  1969  breeding  season.    The  first 
cycle  (Cycle  I,  Phase  2)*  involved  breeding  Hereford  and  Angus  cows 
(Phase  1)  by  artificial  insemination  (AI)  to  Hereford,  Angus,  Jersey, 
South  Devon,  Limousin,  Simmental  and  Charolais  bulls  (table  1,  appendix). 
The  three  calf  crops  (1970,  1971  and  1972)  by  these  sire  breeds  were  born 
in  March,  April  and  early  May.    Reports  on  birth  and  weaning  traits  of 
all  calves  and  on  postweaning  growth,  feed  efficiency  and  carcass  and 
meat  traits  of  the  steers  (ARS-NC-13,  March,  1974)  are  available  by 
request.    All  female  progeny  were  retained  for  evaluation  of  reproduction 
and  maternal  traits. 

The  second  cycle  (Cycle  II)  started  with  the  1972  breeding  season 
and  includes  two  calf  crops  (1973  and  1974).    Brown  Swiss  and  Red  Poll 
female  populations  were  added  to  the  Hereford  and  Angus  cow  herds  used  in 
Cycle  I.    The  Hereford  and  Angus  females  were  bred  by  AI  to  Hereford, 
Angus,  Brown  Swiss,  Red  Poll,  Maine  Anjou,  Gelbvieh  and  Chianina  bulls; 
the  Red  Poll  and  Brown  Swiss  females  were  bred  by  AI  to  Hereford,  Angus, 
Red  Poll  and  Brown  Swiss  bulls  (table  2,  appendix).    Performance  data 
being  collected  is  similar  to  that  obtained  for  the  first  cycle. 


1  U.S.  Meat  Animal  Research  Center,  Agricultural  Research  Service,  U.S. 
Department  of  Agriculture,  Clay  Center,  Nebraska  68933;  Standardization 
Branch,  Agricultural  Marketing  Service,  U.S.  Department  of  Agriculture; 
Kansas  State  University,  Manhattan;  and  the  University  of  Nebraska, 
Lincoln;  cooperating. 

*  Within  each  cycle  of  sire  breeds,  foundation  cows  (Hereford  and  Angus 
in  Cycle  I;  Hereford,  Angus,  Brown  Swiss  and  Red  Poll  in  Cycle  II)  are 
referred  to  as  Phase  1.    Their  calves  are  called  Phase  2  and  the  calves 
from  Phase  2  cows  are  called  Phase  3.    This  terminology  differs  from 
earlier  reports  in  that  calves  were  previously  considered  as  being  in 
the  same  phase  as  their  dams  until  they  calved  for  the  first  time. 


This  report  provides  summarized  data  from  the  Cycle  I,  Phase  2  cows 
for  puberty  and  conception  as  yearlings  plus  calving,  rebreeding  and 
weaning  information  as  2-year-olds  (cows  born  in  1970-71-72),  3-year-olds 
(cows  born  in  1970-71)  and  4-year-olds  (cows  born  in  1970).    Birth  and 
preweaning  data  are  presented  for  the  calves  (Cycle  I,  Phase  3)  out  of 
Cycle  I,  Phase  2,  2-year-old  cows  and  sired  by  Hereford,  Angus,  Brahman, 
Devon  and  Holstein  bulls  (table  3,  appendix).    Data  are  included  on 
calving  difficulty  and  preweaning  growth  for  the  1973-74,  Cycle  II,  Phase 
2  calf  crops.    Information  is  included  on  the  1973,  Cycle  II,  Phase  2 
calf  crop  for  postweaning  growth,  puberty  and  conception  as  yearlings  of 
the  heifers  and  postweaning  growth,  feed  efficiency  and  carcass  and  meat 
traits  of  the  steers. 


CYCLE  I,  PHASE  2 

Cows .    The  foundation  Hereford  and  Angus  cows  used  in  the  program 
were  purchased  as  calves  at  weaning  from  commercial  producers  in  Nebraska. 
The  cows  were  2-,  3-,  4-  and  5-year-olds  at  calving  in  1970;  2-,  3-,  4-, 
5-  and  6-year-olds  at  calving  in  1971;  and  3-,  4-,  5-,  6-  and  7-year-olds 
at  calving  in  1972. 

Si  res .    There  were  32  Hereford,  35  Angus,  33  Jersey,  23  South  Devon, 
20  Limousin,  28  Simmental  and  26  Charolais  bulls  used  during  the  1969, 
1970  and  1971  breeding  seasons.    The  Hereford  and  Angus  bulls  used  in 
this  program  were  sampled  from  bulls  which  had  been  selected  on  individ- 
ual performance  information  as  a  basis  for  gaining  entry  into  the  progeny 
testing  program  of  artificial  insemination  organizations.    These  same 
Hereford  and  Angus  sires  are  used  as  controls  in  all  cycles  and  phases  of 
the  Germ  Plasm  Evaluation  Program  so  that  comparisons  among  sire  breeds 
can  be  made  across  all  cycles  and  phases  by  comparing  deviations  from  the 
Angus-Hereford  and  Hereford-Angus  crossbred  controls.    The  Jersey  bulls 
were  selected  at  random  from  two  commercial  AI  organizations  and  the 
South  Devon  bulls  were  sampled  from  an  importation  made  in  1969  by  a 
commercial  organization.    Simmental,  Limousin  and  Charolais  bulls  were 
sampled  from  bulls  available  from  commercial  organizations  and  from  the 
Canada  Department  of  Agriculture  for  the  Simmental  and  Limousin. 

General  releases  of  information  on  individual  sires  are  not  planned 
because  erroneous  conclusions  may  be  drawn  from  the  ranking  of  individual 
sires  with  the  relatively  small  number  of  progeny  per  sire  in  this 
program.    The  objective  of  the  program  is  to  characterize  breeds  as 
representatives  of  different  biological  types.    To  do  this  effectively,  a 
large  sample  of  sires  of  each  breed  is  necessary.    Thus,  the  number  of 
progeny  per  sire  is  generally  low.    A  relatively  large  number  of  progeny 
per  sire  are  required  for  a  high  level  of  accuracy  in  ranking  individual 
sires  on  their  breeding  value  for  most  economic  traits. 

For  a  cooperative  study  with  the  Canada  Department  of  Agriculture, 
Hereford  x  Angus,  Jersey  x  Angus,  Simmental  x  Angus  and  Charolais  x  Angus 
heifers  were  randomly  selected  at  weaning  time  and  shipped,  4  to  8  weeks 
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after  weaning,  to  the  Research  Station,  Lethbridge,  Alberta.    There  were 
12  heifers  per  breed  group  in  1970  and  10  heifers  per  breed  group  in  1971 
and  1972.    These  females  and  their  offspring  are  being  individually  fed 
to  evaluate  efficiency  of  production. 

Matings .    Cycle  I,  Phase  2  yearling  heifers  were  mated  to  Hereford, 
Angus,  Brahman,  Devon  and  Holstein  bulls  during  a  45-  to  46-day  AI  season 
and  to  Hereford  and  Angus  bulls  for  a  21-  to  24-day  cleanup  period  in 

1971,  1972  and  1973.  As  2-year-old  cows,  they  were  mated  to  Hereford, 
Angus,  Chianina,  Gelbvieh  and  Maine  Anjou  bulls  for  a  42-  to  45-day  AI 
season  and  to  Hereford  and  Angus  bulls  during  a  22-day  cleanup  period  in 

1972,  1973  and  1974.    As  3-  and  4-year-olds,  the  cows  are  being  mated  by 
natural  service  to  Brown  Swiss  bulls  for  a  64-day  period. 

Data  Analysis.    Calving  difficulty,  calf  mortality,  calf  birth  weight 
and  preweaning  growth  were  analyzed  by  least-squares  procedures  for 
unequal  subclass  numbers  separately  for  each  age  group  using  a  model  that 
included  the  effects  of  breed  of  cow's  sire,  breed  of  cow's  dam,  breed  of 
calf's  sire,  year,  sex  and  most  two-way  interactions,  with  birth  date  as 
a  covariate.    Birth  and  200-day  weight  and  preweaning  growth  rate  were 
adjusted  to  a  steer  basis  by  adjustment  factors  calculated  from  the  data 
and  shown  in  the  footnotes  of  each  table.    Unweighted  means  are  presented 
for  calf  birth  date,  calf  crop  percentage,  postpartum  interval,  AI  pre- 
centage  and  pregnancy  rate. 

Calving  Difficulty.    Calving  difficulty  scores  were  assigned  to  each 
calf  at  birth  on  the  basis  of  the  following  scoring  system: 

Score  Description 

1  No  difficulty  -    Calves  unassisted;  however,  straight- 

ening of  the  head  and/or  front  legs  may 
be  necessary. 

2  Little  difficulty         -    Assistance  given  by  hand,  but  no  jack  or 

puller  used;  assistance  actually  may  not 
have  been  required. 

3  Moderate  difficulty       -    Assistance  given  with  jack  or  calf-puller; 

some  difficulty  was  encountered  even  with 
the  pullers  being  used. 

4  Major  difficulty  -    Calf  jack  used  and  major  difficulty 

encountered;  usually  30  minutes  or  more 
required  to  deliver  calf. 

5  Caesarean  birth  -    Performed  after  determination  made  that 

calf  could  not  be  delivered  with  a  calf- 
pul ler . 

6  Posterior  presentation  -    Assistance  given. 
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Summaries  of  calving  difficulty  in  635  births  from  2-year-old  cows, 
427  births  from  3-year-old  cows  and  241  births  from  4-year-old  cows  are 
provided  in  tables  2,  4  and  6,  respectively.    For  these  summaries,  scores 
of  1  and  2  were  combined  and  are  designated  no  difficulty  and  scores  of 
3  and  4  were  combined  and  are  designated  calf-puller. 

Reproductive  and  Maternal  Performance.    Information  on  the  rebreeding 
performance  of  2-,  3-  and  4-year-old  cows  is  provided  in  tables  3,  5  and 
7.    Least-squares  means  for  cow  weight  at  fall  palpation  time  and  fall, 
1974  hip  height  measurements  are  also  included  in  these  tables.  Prewean- 
ing  growth  and  calf  crop  percentage  are  provided  in  tables  2,  4  and  6  for 
these  same  cows. 


CYCLE  I,  PHASE  3 

Si  res .    There  were  16  Hereford,  25  Angus,  14  Brahman,  12  Devon  and 
13  Holstein  sires  bred  to  Cycle  I,  Phase  2  yearlings  during  the  1971,  1972 
and  1973  breeding  seasons.    These  sires  were  sampled  from  commercial 
organizations,  with  some  of  the  Hereford  and  Angus  sires  being  the  same  as 
used  in  Cycle  I ,  Phase  2. 

Calving  Difficulty.    Calving  difficulty  (table  8)  of  559  calves  were 
analyzed  by  least-squares  procedures  for  unequal  subclass  numbers  that 
included  the  effects  of  breed  of  cow's  sire,  breed  of  cow's  dam,  breed  of 
calf's  sire,  years,  sex  and  most  two-way  interactions,  with  birth  date  as 
a  covariate.    The  same  system  of  scoring  calving  difficulty  was  used  in 
Phase  3  as  in  Phase  2  of  Cycle  I. 

Preweaning  Growth.    Preweaning  growth  data  (table  9)  for  483  calves 
were  analyzed  with  the  same  analytical  model  as  calving  difficulty.  The 
data  were  adjusted  to  a  steer  basis  with  adjustment  factors  calculated 
from  the  data.    These  adjustment  factors  are  given  in  the  footnote  of 
table  9. 


CYCLE  II,  PHASE  2 

Cows .    The  foundation  Hereford  and  Angus  cows  used  in  Cycle  I  were 
continued  in  Cycle  II,  Phase  2  of  the  program.    The  cows  calving  in  1973 
were  4  to  8  years  of  age  and  in  1974  were  4  to  9  years  of  age.    As  previ- 
ously indicated,  mature  Brown  Swiss  and  Red  Poll  cows  were  added  to  these 
herds  for  the  1972  and  1973  breeding  season. 

Si  res .    There  were  15  Hereford,  16  Angus,  16  Red  Poll,  11  Brown 
Swiss,  11  Gelbvieh,  18  Maine  Anjou  and  20  Chianina  bulls  used  during  the 
1972  and  1973  breeding  seasons.    The  Hereford  and  Angus  sires  had  also 
been  used  in  Cycle  I  of  the  program  and  the  other  bulls  were  sampled  from 
commercial  organizations.    The  Brown  Swiss  sires  included  four  domestic 
bulls  and  seven  bulls  imported  from  Switzerland  and  Germany. 
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Calving  Difficulty.    For  convenience  of  comparison,  the  data  are 
presented  separately  for  the  seven  sire  breeds  with  Hereford  and  Angus 
dams  (table  10)  and  for  the  Hereford,  Angus,  Red  Poll  and  Brown  Swiss 
sires  with  the  same  four  dam  breeds  (table  12).    Calving  difficulty  data 
were  available  on  1891  calvings.    The  same  system  for  scoring  calving 
difficulty  was  used  in  this  cycle  as  was  used  in  Cycle  I.    Calving  diffi- 
culty and  calf  mortality  were  analyzed  by  least-squares  procedures  for 
unequal  subclass  numbers  using  a  model  that  included  the  effects  of  breed 
of  sire,  breed  of  dam,  dam  age,  year,  sex  and  most  two-way  interactions, 
with  birth  date  as  a  covariate. 

Preweaning  Growth.    These  data  were  grouped  for  breed  group  compar- 
isons in  the  same  manner  as  the  calving  difficulty  data.  Preweaning 
growth  data  (tables  11  and  13)  were  available  on  1772  calves.    These  data 
were  analyzed  by  least-squares  procedures  using  the  same  model  as  for 
calving  difficulty.    The  data  were  adjusted  to  a  steer  basis  with  the 
adjustment  calculated  from  the  data.    These  adjustment  factors  are  given 
in  the  footnotes  of  tables  11  and  13.    Calves  were  creep  fed  whole  oats 
from  mid-August  until  weaning.    Creep  feed  consumption  was  46  lb. /calf 
in  1973  and  139  lb. /calf  in  1974.    The  calves  were  weaned  in  late  October 
in  1973  and  in  mid-September  in  1974.    The  early  weaning  in  1974  was 
necessary  because  of  drought  conditions. 

Postweaning  Growth  and  Feed  Efficiency.    Postweaning  growth  and  feed 
efficiency  data  were  obtained  on  380  steers  from  the  1973  calf  crop. 
Rations  are  presented  in  table  14.    Summaries  of  average  daily  gain  and 
adjusted  final  weights  are  presented  in  table  15  for  steers  out  of  Hereford 
and  Angus  dams  and  in  table  23  for  steers  by  Hereford,  Angus,  Red  Poll  and 
Brown  Swiss  sires.    Feed  efficiency  information  is  presented  in  table  16. 
The  steers  were  serially  slaughtered  as  described  in  the  carcass  and 
meats  section. 

At  weaning,  steer  calves  with  adjusted  weaning  weights  more  than 
three  standard  deviations  below  the  mean  for  their  breeding  group  were 
removed  from  the  program.    The  remaining  steers  were  placed  in  the  feedlot 
by  breed  of  sire  groups  (replicated,  two  lots  per  breed  of  sire)  to  obtain 
data  on  growth  rate  and  feed  efficiency.    Steers  from  Red  Poll  and  Brown 
Swiss  cows  were  penned  with  steers  of  their  reciprocal  cross. 

The  postweaning  average  daily  gains  are  based  on  actual  weaning 
weights  (no  weaning  shrink)  and  final  weights  at  slaughter.    Final  weights 
at  slaughter  were  obtained  as  the  average  of  two  weights  (on  feed  and 
water)  taken  on  different  days  to  reduce  errors  due  to  differences  in 
fill.    Adjusted  final  weights  were  obtained  by  adding  the  sum  of  postwean- 
ing average  daily  gain  x  days  on  feed,  to  weaning  weight  adjusted  to  200 
days  of  age.    Average  daily  gains  and  adjusted  final  weights  for  the 
different  slaughter  groups  are  only  for  the  steers  slaughtered  in  that 
group.    Feed  efficiency  for  each  breed  group  was  obtained  by  dividing  the 
cumulative  average  daily  TDN  consumption  per  steer  by  the  average  daily 
gain  of  the  steers  remaining  on  feed  up  to  each  of  the  slaughter  dates. 
The  measurement  of  feed  efficiency  began  after  about  a  30-day  conditioning 
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period.    Metabol i zable  energy  (Meal.)  was  obtained  by  multiplying  pounds 
TDN  by  1.64. 

Postweaning  growth  was  analyzed  by  least-squares  procedures  for 
unequal  subclass  numbers  using  a  model  that  included  the  effects  of 
slaughter  group,  breed  of  dam,  age  of  dam,  breed  of  sire  within  slaughter 
group,  breed  of  dam  by  breed  of  sire  within  slaughter  group  and  breed  of 
dam  by  slaughter  group.    The  feed  efficiency  data  are  unweighted  averages 
of  pen  means. 

Carcass  and  Meat.    Steers  out  of  Red  Poll  and  Brown  Swiss  cows  and 
those  by  Hereford,  Angus  and  Red  Poll  sires  were  serially  slaughtered 
after  220,  248  and  282  days  postweaning.    Steers  sired  by  Chianina, 
Gelbvieh  and  Maine  Anjou  bulls  were  serially  slaughtered  after  248,  282 
and  338  days  postweaning.    Steers  by  Brown  Swiss  bulls  and  out  of  Hereford 
and  Angus  cows  were  slaughtered  at  all  four  dates.    Stratified  sampling  by 
weight  was  used  to  select  steers  for  slaughter  within  each  breed-of-sire 
by  breed-of-dam  group.    Slaughter  groups  had  approximately  the  same 
average  birth  date. 

Steers  were  transported  to  a  commercial  slaughter  plant  approximately 
12  hours  prior  to  slaughter.    Carcass  data  were  obtained  after  a  24-hour 
chill.    Carcasses  were  evaluated  for  conformation,  maturity,  marbling, 
color,  texture  and  firmness  and  USDA  Quality  Grade  by  representatives 
of  the  U.S.  Meat  Animal  Research  Center;  Standardization  Branch, 
Agricultural  Marketing  Service,  USDA;  and  Kansas  State  University.  Loin 
eye  area  and  external  fat  thickness  were  measured  and  USDA  Yield  Grade 
determined.    These  results  are  presented  in  tables  17  to  19  for  steers 
out  of  Hereford  and  Angus  cows  and  in  tables  24  and  25  for  steers  out  of 
Hereford,  Angus,  Red  Poll  and  Brown  Swiss  sires.    In  addition,  selected 
linear  carcass  measurements  and  measures  of  other  traits  were  obtained, 
but  are  not  included  in  this  report. 

After  obtaining  cooler  carcass  data,  the  right  side  of  each  carcass 
of  steers  out  of  Hereford  and  Angus  cows  was  transported  from  the  commer- 
cial slaughter  plant  to  Kansas  State  University  for  detailed  cut-out  and 
meat  quality  evaluation.    The  right  side  was  separated  into  wholesale 
cuts,  and  the  wholesale  cuts  were  processed  into  closely  trimmed,  boneless 
cuts,  except  dorsal  and  transverse  spinous  processes  were  left  in  short 
loin  cuts  and  dorsal  spinous  processes  and  rib  bones  were  left  in  rib 
cuts.    No  more  than  0.30  inch  of  fat  was  left  on  any  surface.    The  amounts 
of  retail  product,  fat  trim  and  bone  were  determined  for  each  wholesale 
cut.    These  results  are  presented  on  a  percentage  of  carcass  weight  basis 
in  table  20. 

One  steak  was  removed  at  the  11th  rib  from  each  carcass  for  Warner- 
Bratzler  shear  determination.    The  steaks  were  cooked  at  350°F  to  an 
internal  temperature  of  150°F.    After  cooling  for  approximately  30  minutes 
at  room  temperature,  one-half  inch  cores  were  removed  for  shear  determina- 
tion.   Steaks  were  removed  at  the  10th  rib  from  four  representative 
carcasses  per  breed  group  per  slaughter  date,  cooked  at  350°F  to  an 
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internal  temperature  of  150°F,  and  subjected  to  taste  panel  evaluation  for 
tenderness,  flavor,  juiciness  and  overall  acceptability  by  trained  taste 
panelists.    These  results  are  presented  in  tables  21  and  22. 

The  data  for  the  carcass  and  meat  traits  were  analyzed  by  least- 
squares  procedures  for  unequal  subclass  numbers  using  the  same  model  as 
used  for  postweaning  growth. 

Postweaning  Growth,  Puberty  and  Conception.    Postweaning  growth,  age 
at  puberty  and  conception  of  yearling  heifers  born  in  1973  are  presented 
in  table  26  for  those  out  of  Hereford  and  Angus  cows  and  in  table  27  for 
those  by  Hereford,  Angus,  Red  Poll  and  Brown  Swiss  bulls.    The  heifers 
were  developed  in  the  feedlot  from  weaning  in  October  until  mid-April. 
The  postweaning  ration  was  50%  corn  silage  and  50%  alfalfa  haylage  fed 
ad  libitum.    Heifers  were  grazed  on  improved  cool  season  pastures  until 
the  end  of  a  42-day  AI  period  which  began  May  20.    The  heifers  were  moved 
to  improved  warm  season  pastures  prior  to  a  22-day  cleanup  period. 

Date  of  puberty,  defined  as  date  of  the  first  observed  standing 
estrus,  was  determined  by  checking  animals  for  estrus  twice  daily. 
Weights  were  taken  every  28  days  from  weaning  to  the  breeding  period  and 
again  at  the  termination  of  the  breeding  period.    Heifers  were  inseminated 
only  after  they  were  observed  in  standing  estrus.    Estrus  was  determined 
from  weaning  to  an  average  of  approximately  16  months  of  age  (end  of 
breeding  season) . 

Postweaning  growth,  puberty  and  conception  traits  were  analyzed  by 
least-squares  procedures  for  unequal  subclass  numbers  using  a  model  that 
included  the  effects  of  breed  of  sire,  breed  of  dam,  breed  of  sire  by 
breed  of  dam  and  age  of  dam. 
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APPENDIX 

TABLE  1.    MATING  PLANS  TO  PRODUCE  CYCLE  I,  PHASE  2  CALVES 
1969,  1970,  1971  Breeding  Seasons 


Sire  Breeds 

Dam 

Here- 

South 

Limou- 

Sim- 

Charo- 

Breeds3 

ford 

Angus 

Jersey 

Devon 

si  n 

mental 

lais 

Hereford 

X 

X 

X 

X 

X 

X 

X 

Angus 

X 

X 

X 

X 

X 

X 

X 

a  The  cows  were  1,  2,  3  and  4-year-olds  in  1969;  1,  2,  3,  4  and 
5-year-olds  in  1970;  and  2,  3,  4,  5  and  6-year-olds  in  1971. 


TABLE 

2. 

MATING 

PLANS  TO  PRODUCE 

CYCLE  II, 

PHASE 

2  CALVES 

1972  and  1973  Breeding  Seasons 

Sire  Breeds 

Dam 

Herer 

Red 

Brown 

Gelb 

Maine 

Chia- 

Breeds 

fordb 

Angus 

Poll 

Swi  ss 

vieh 

Anjou 

nina 

c 

Hereford 

X 

X 

X 

X 

X 

X 

X 

Angus0 

X 

X 

X 

X 

X 

X 

X 

Red  Poll 

X 

X 

X 

X 

Brown  Swiss 

X 

X 

X 

X 

a  The  cows  were 

3,  4,  5, 

6  and  7-year-olds 

in  1972; 

and  3, 

4,  5,  6,  7 

and 

.  8-year-olds 

in 

1973. 

Sample  of 

same 

Hereford  and  Angus 

si  res 

used  in  Cycle  I , 

1969,  1970 

and 

1971  breeding 

seasons . 

Cows  used 

for  GPE  Cycle 

I,  1969, 

1970  and  1971  breeding 

seasons. 
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